We show that the initial ocular following responses elicited by motion of a large pattern are modestly attenuated when that pattern is shifted out of the plane of fixation by altering its binocular disparity. If the motion is applied to only restricted regions of the pattern, however, then altering the disparity of those regions severely attenuates their ability to generate ocular following. This sensitivity of the ocular tracking mechanism to local binocular disparity would help the observer who moves through a cluttered 3-D world to stabilize objects in the plane of fixation and ignore all others.
Introduction
Motion of the observer has the potential to disturb retinal images and thereby compromise visual processing. A moving observer who looks off to one side experiences motion parallax as the images of objects at different distances move across his/her retina at different speeds. If the observer is passive and makes no eye movements to compensate for his/her translational motion then the retinal image of each object in the 3-D visual scene will move at a rate that is inversely proportional to the object's distance from the observer. This means that, for the passive observer, only the retinal images of distant objects will be reasonably stable. In order to stabilize the retinal images of nearby objects the observer must track them with his/her eyes, thereby compensating for the bodily motion, the required compensatory eye movements being inversely proportional to the viewing distance. There are vestibular mechanisms that come into play in such situations but they are generally far from perfect and visual tracking mechanisms will be deployed to reduce the residual retinal slip: for review see Miles (1998) . However, if the tracking mechanism is to respond selectively to the retinal motion of the object of regard it must ignore the retinal motion of other objects that are nearer or more distant. Mackensen (1953) showed that the optokinetic responses (OKN) elicited by wide-field motion were attenuated if the observer's eyes were not correctly converged or focussed on the moving display, and suggested that this failure to track was because the observer was not attending to the display. Howard and Gonzalez (1987) confirmed this observation, suggesting that at least some part of the effect was due to the disparity of the retinal images and that the motion detectors mediating OKN were disparity selective, preferring images with zero disparity, i.e. in the plane of fixation. In support of this idea they showed that when the display was segregated into central and peripheral regions, in which the images moved in opposite directions and one or the other was positioned outside the plane of fixation by giving them horizontal disparity, the associated optokinetic responses were always in the direction of the binocularly fused display, whether that was peripheral or central. If the central and peripheral regions were coplanar, then the direction of the optokinetic response was always determined by the motion at the center even when subjects were instructed to attend to the periphery. Further, introducing stationary features inhibited optokinetic responses only when they were in the plane of fixation. In a subsequent follow-up, Howard and Simpson (1989) provided subjects with a vertical line on which to converge their eyes and found that the optokinetic responses elicited by vertical motion of a display made up of oblique lines were roughly inversely proportional to the horizontal disparity of the display over the range examined (2.5°crossed to 2.5°u ncrossed). All of the above studies were done on human subjects and these authors discussed the possible role of neurons in regions of the cortex that are known, from single unit recordings in monkeys, to process visual motion signals and to be sensitive to binocular disparity: the medial temporal area (MT) (Maunsell & Van Essen, 1983b; Bradley, Qian, & Andersen, 1995; Bradley & Andersen, 1998; DeAngelis & Newsome, 1999; DeAngelis, Cumming, & Newsome, 1998) and the medial superior temporal area (MST) (Eifuku & Wurtz, 1999; Roy, Komatsu, & Wurtz, 1992) , which receives strong inputs from MT (Maunsell & Van Essen, 1983a; Ungerleider & Desimone, 1986; Van Essen, Maunsell, & Bixby, 1981) . One possible problem with the closed-loop experiments of Howard and colleagues is that there was always ample time for their subjects to direct their attention to the zero-disparity stimuli despite the instructions to attend to the fixation target. In a previous publication we attempted to get around this problem by examining the effect of disparity on the initial openloop ocular following responses (OFR) elicited by motion of a large random-dot pattern and applying the disparity at the last possible moment, i.e. coincident with the start of the OFR stimulus (Busettini, Masson, & Miles, 1996) . This meant that the stimulus now consisted of a step-ramp: a disconjugate step (lasting only a couple of milliseconds) to introduce the disparity and a conjugate ramp (lasting 200 ms) to elicit OFR. With this approach, disparity attenuated the OFR substantially, virtually eliminating the very earliest component. These initial OFR are reflex-like, with ultra-short latencies -B60 ms in monkeys (Miles, Kawano, & Optican, 1986) and B80 ms in humans (Gellman, Carl, & Miles, 1990 )-and it has been suggested that they occur before the subject has had time to direct his/her attention to a particular part of the display and before the subject is even aware that there has been a visual disturbance (Miles, 1998) . However, we now report that, when the disconjugate step is replaced with a conjugate one, there is a similar and only slightly weaker attenuation of the initial OFR, suggesting that much of the attenuation caused by the disconjugate step might have resulted from the associated transient disturbance rather than from the disparity per se. These visual stimuli were all applied 50 ms after a centering saccade in order to take advantage of post-saccadic enhancement, whereby (conjugate) ramps applied in the immediate wake of a saccadic eye movement generate much larger OFR than the same ramps applied just a few hundred milliseconds later (Gellman et al., 1990) . We now show that if the steps are applied during the centering saccade then they lose much of their effect on OFR: conjugate steps have no attenuating effect and disparity steps have only a weak attenuating effect. It occurred to us that applying the disparity uniformly to the whole moving scene effectively simulates the visual experience of the rotating observer who compensates only partially for the rotation and has a vergence error. However, our interest was in the observer who undergoes linear translation in a world with 3-D structure and, in particular, in the possibility that the observer has visual stabilization mechanisms that utilize binocular disparity to resolve the conflicting motions in the different parts of the scene. We therefore recorded the initial OFR elicited when the random-dot pattern was partitioned into two sets of parallel strips that suddenly underwent conflicting motion and report that the ability of a given set to influence OFR was substantially reduced if they were given disparity: OFR favored the moving elements that lacked disparity. The disparity was applied during a centering saccade and the conflicting motion commenced 50 ms after the saccade ended, thereby taking advantage of post-saccadic enhancement but avoiding the suppression associated with transient steps. Additional experiments in which the conflicting motion commenced at various times after the centering saccade showed that the attenuating effect of the disparity was fully developed at the earliest time tested-10 ms after the saccade-too soon to be explained by a shift of attention.
Experiment 1: the step-ramp paradigm
This experiment replicated the study of Busettini et al. (1996) , examining the effect of disparity on the initial OFR using a step-ramp stimulus, in which the step was disconjugate (to establish the disparity) and the ramp was conjugate (to elicit OFR). In addition, we now included steps that were conjugate, producing retinal shifts that had the same magnitude as the disconjugate steps but with the same (rather than the opposite) sign at the two eyes. The object was to determine whether disparity was necessary for the previously reported attenuation of OFR by disparity steps or could have resulted at least in part from the retinal disturbance alone.
Methods

Subjects
Three subjects (FM, DY, GM) participated. All were authors, experienced in eye movement recordings, with stereoacuities better than 40 seconds of arc (Titmus test) and no known oculomotor or visual problems other than refractive errors that were corrected with spectacles (FM, GM).
Visual display
The subject was seated in a fiberglass chair with his head stabilized by means of a chin support and forehead rest combined with a head strap, and faced a translucent tangent screen (distance, 33.3 cm; subtense, 85× 85°) onto which two identical photographic images were back-projected. Orthogonal polarizing filters in the two projection paths and matching filters in front of each eye ensured that each pattern was visible to only one eye: dichoptic stimulation. The screen was constructed of material specially designed to retain the polarization (Yamaboshi, Tokyo). The patterns consisted of white circular dots (diameter, 2°) randomly distributed on a black background (50% coverage) and filling the screen. The luminance of the images on the screen was measured with a photometer (Spectra Pritchard), sampling the screen through the polarizing filters so as to mimic the subject's view. With this arrangement, the average luminance measured through the matching polarizing filters was 0.13 cd/m 2 in the light areas of the patterns and 0.0026 cd/m 2 in the dark areas. The equivalent measures through the non-matching (orthogonal) polarizing filters were 0.0011 cd/m 2 in the light areas and 0.00060 cd/m 2 in the dark areas. Subjects were unaware of the 'ghost' images seen through the orthogonal filters. Pairs of mirror galvanometers (General Scanning, Inc., M3-S with vector tuning) positioned in each of the two light paths in an X/Y configuration were used to control the horizontal and vertical positions of the two images. These galvanometers were driven by the DAC outputs of a PC at a rate of 1 kHz with a resolution of 12 bits (optical range, 9 50°).
Eye mo6ement recording
The horizontal and vertical positions of both eyes were recorded with an electromagnetic induction technique (Robinson, 1963) using scleral search coils embedded in silastin rings (Collewijn, Van Der Mark, & Jansen, 1975) . Coils were placed in each eye following application of 1-2 drops of anesthetic (proparacaine HCl), and wearing time ranged up to 100 min. The AC voltages induced in the scleral search coils were led off to phase-locked amplifiers that provided separate DC voltage outputs proportional to the horizontal and vertical positions of the two eyes with corner frequencies (− 3 dB) at 1 kHz (CNC Engineering). The outputs from the coils were calibrated at the beginning of each recording session by having the subject fixate small target lights located at known eccentricities along the horizontal and vertical meridia. Peak-to-peak voltage noise levels were equivalent to an eye movement of 1 -2 min of arc. Interocular distance was measured to the nearest 0.5 mm.
Procedures
The presentation of stimuli, and the acquisition, display and storage of data were controlled by a PC (Pentium II) using a Real-time EXperimentation software package (REX) developed by Hays, Richmond and Optican (1982) .
At the beginning of each trial, the two patterns on the screen overlapped exactly (zero disparity) for a minimum period in excess of 1 s to allow adequate time for the subject to acquire a convergent state appropriate for the near viewing (33.3 cm).
Step-ramp stimuli were initiated 50 ms after a centering saccade to assure that OFR were subject to post-saccadic enhancement (Gellman et al., 1990) . This was accomplished by having the subject transfer fixation between suitably positioned target spots projected onto the scene through a polarizing filter so as to be seen by the right eye only (to avoid any possible disparity conflict with the background patterns). The initial target spot appeared 10°r ight of center 1 s after the beginning of the trial. When the subject's right eye had been positioned within 1-2°o f the spot for a period of time that was varied randomly (1 -1.5 s), the spot was extinguished and a new one appeared at the center of the screen. This new target was extinguished as soon as the computer detected a saccadic eye movement, using as a criterion an eye speed \54°/s. If this saccade achieved a speed in excess of 180°/s and arrived within 4°of the position of the center target (which was now no longer visible), then it was deemed appropriate and the patterns seen by each eye underwent a step-ramp movement starting 58 ms after the saccadic eye speed fell below 36°/s. (Previous recordings indicated that this resulted in a post-saccadic delay of about 50 ms.) The step component had a rise time of B 2 ms and a direction that varied independently at the two eyes but had an equal probability of being leftward or rightward. The absolute amplitude of the step at each of the two eyes was always the same and was randomly selected from the following list: 6.4°, 3.2°, 1.6°, 1.2°, 0.8°, 0.4°, 0.2°, 0°. Thus the steps were horizontal and could be conjugate (same direction at the two eyes) or disconjugate (opposite direction at the two eyes). The ramps were always 40°/s and vertical, with an equal probability of being upward or downward. Because we were interested only in the initial (vertical) OFR, exposure to the ramps was limited to only 200 ms by blanking the images and, if there were no saccades during this time, then the data were stored on a hard disk; otherwise, the trial was aborted and subsequently repeated. The blanking lasted 500 ms, marked the end of the trial, and was achieved with electromagnetic shutters in the light paths; when the images reappeared, they were once more in register for the start of the next trial. Subjects were instructed to make saccades into the center of the pattern by following the projected target spots and then to refrain from making any further saccades until the screen was blanked, signalling the end of the trial. Subjects were given no instructions in regard to the step-ramp stimuli. Note that all experiments included control trials in which no step-ramps were applied (saccade-only trials). Data were collected over several sessions until each condition had been repeated an adequate number of times to permit good resolution of the responses (through averaging) even when exploring the limit of the responsive range with stimuli of marginal efficacy (actual numbers will be given in the Results section).
Data analysis
Voltage signals separately encoding the horizontal and vertical positions of both eyes together with the positions of the four mirror galvanometers, were lowpass filtered (Bessel, 6-pole, 180 Hz) and digitized to a resolution of 16 bits, sampling at 1 kHz. All data were stored on a hard disk and, after completion of each recording session, were transferred to a workstation (Silicon Graphics) for subsequent analysis. The horizontal and vertical eye position data obtained during the calibration procedure were each fitted with a thirdorder polynomial which was then used to linearize the horizontal and vertical eye position data recorded during the experiment proper. The latter were then smoothed with a cubic spline of weight 10 7 , selected by means of a cross-validation procedure (Eubank, 1988) , and all subsequent analyses utilized these splined data. Rightward and upward eye movements were defined as positive. Horizontal and vertical version positions were computed by averaging the two horizontal and vertical position signals, respectively. Horizontal vergence position was computed from the difference in the horizontal positions of the two eyes, left eye minus right, so that increases in the vergence angle were positive. Version and vergence velocity were obtained by two-point backward differentiation of their respective position data.
The version and vergence data recorded in all of the trials using a given stimulus condition were displayed together (synchronized to the onset of the step-ramp) with an interactive graphics program, and trials with saccadic intrusions (generally B 5%) were deleted. Mean version and vergence temporal profiles (position and velocity) were computed for each stimulus condition. The initial vertical OFR to the step-ramp stimuli were quantified by measuring the change in vertical version position over the time period 85-135 ms, measured from the onset of the step-ramp, and computing the mean of the single-trial measures. It will be seen that the minimum latencies of onset are about 80 ms so that this amplitude measure is restricted to the period prior to the closure of the feedback loop, when eye movements begin to influence the visual input: initial open-loop response. To eliminate the (slight) effects due to post-saccadic drift, the mean version (or vergence) data recorded during the control saccade-only trials were subtracted from the mean version (or vergence) data obtained for each stimulus condition. All of the data in the figures have been so adjusted. Note that this subtraction would also remove any net anticipatory drifts, although such drifts were not actually observed. In order to permit direct comparisons between subjects we used the change in vertical version position measures to compute an Attenuation Index, which is given by the following expression:
where R S and R 0 are the measured version responses when the step had a magnitude of s and zero, respectively. An Attenuation Index of 100% would indicate that the step totally eliminated the OFR response, and an Index of 0% would indicate that the step was without effect. The Standard Error (SE) and Standard Deviation (SD) of the Indices were estimated from the SE and SD of the variables, R S and R 0 , using standard error propagation.
Results
This experiment successfully replicated the finding of Busettini et al. (1996) that OFR could be severely attenuated by a step of disparity applied at the onset of the test ramp. This is apparent from the sample version velocity profiles in Fig. 1A and the associated response measures plotted in closed symbols (and continuous lines) in Fig. 2 for subject FM. The data plotted were obtained with upward test ramps and are almost identical to those published in Fig. 2 of Busettini et al. (1996) . However, similar-though weaker-effects are evident after conjugate steps: see the sample version velocity profiles in Fig. 1B and the associated response measures plotted in open symbols (and dashed lines) in Fig. 2 for subject FM. Fig. 3 shows the Attenuation Indices for the 3 subjects examined, the data obtained with conjugate steps being shown in open symbols (and dashed lines) and the data obtained with disconjugate steps being shown in closed symbols (and continuous lines). Note that in Figs. 2 and 3 (and some later figures) the abscissa plots the magnitude of the retinal shift due to the step, so that in the disconjugate case the values shown are exactly half the change in disparity.
When plotted in this way, it is evident that the 'tuning curves' for conjugate and disconjugate steps have very similar forms, the attenuation asymptoting with retinal shifts of 1-2°. If we use the Indices for the largest steps (6.4°at the retina) as a measure of the impact of the steps on OFR then the average attenuation (9 SD) was 61.49 6.8% with disconjugate steps and 40.394.0% with conjugate steps. When computed for each subject, the Attenuation Index for the largest conjugate steps was on average 66.2% of the Index for the largest disconjugate steps (range, 59.1-70.9%).
Discussion of Experiment 1
We have successfully replicated the finding of Busettini et al. (1996) that a step of disparity can have a powerful suppressive effect on the OFR elicited by a concurrent ramp stimulus. However, we also show that substituting a conjugate step for the disconjugate one in the step-ramp paradigm of Busettini et al. can have a similar, albeit weaker, suppressive effect on the ocular following responses elicited by the ramp stimulus. These data raise the possibility that much of the effect of the disparity step in the step-ramp paradigm of Busettini et al. is due to the retinal disturbance associated with the disconjugate step. Kawano and Miles (1986) showed that sudden shifts of the images in the peripheral retina could transiently suppress OFR elicited by concurrent motion at the center. They also demonstrated that this suppressive effect showed interocular transfer, shifts in one eye suppressing OFR elicited by motion at the other eye and so attributed it to some central suppressive mechanism. These workers postulated that such visual suppression would operate during saccadic eye movements and prevent the observer from tracking the visual reafference caused by the saccade, a form of saccadic suppression. It seems likely that this same mechanism accounts for much of the suppression of ocular following seen in the stepramp paradigm, casting doubt on the role of disparity in the normal operation of OFR. Busettini et al. (1996) had two reasons for delaying the application of the disparity to the last possible moment: the first was that such disparities elicit vergence eye movements that operate to eliminate the disparity, defeating the purpose of the experiment; the second was that prior warning would allow time for other factors to intrude, such as shifts of attention between disparate and nondisparate images. However, we showed above that the step-ramp paradigm of Busettini et al. is seriously compromised because steps can have a suppressive effect on ocular following independent of their disparity. We therefore decided to try applying the disparity during the centering saccadehoping thereby to 'hide' the transient that had so conjugate steps were now almost without effect. For example, the version response measures obtained with the largest conjugate steps were not significantly different from those when no steps were applied (unpaired t-test, P\ 0.05), and the associated Attenuation Indices were very small: mean9SD, 3.0 9 2.3%, and range, undermined the step-ramp paradigm-and to initiate the OFR ramp soon after the completion of the saccade. We now report that, with this approach, conjugate steps were almost without effect and disconjugate steps had only weak suppressive effects on OFR even though changes in vergence were minor over the time period under consideration.
Experiment 2: disparity applied during the centering saccade
Methods
The subjects, apparatus and data analysis were identical to those used in Experiment 1, except that the steps were applied during the centering saccade and, to address concerns about the effects on vergence, we also measured the mean vergence position over the 67 ms period starting with the onset of the test ramp. Thus, as before, the OFR ramps were initiated 50 ms after the completion of the centering saccade.
Results
Applying the steps during the centering saccade reduced their impact on OFR substantially: Fig. 4 . The 0.03-5.5% (6 measures; 3 subjects). Also, the highest Attenuation Index for any conjugate step was only 12.1%, compared with 57.7% in Experiment 1. The disconjugate steps could still have a significant suppressive effect on OFR, albeit weaker than in Experiment 1. For example, the version response measures obtained with the largest disconjugate steps were significantly smaller than those when no steps were applied (unpaired t-test, PB 0.05), but the associated Attenuation Indices were modest: mean9SD, 17.89 5.9%, and range, 9.5-23.3% (6 measures; 3 subjects). Also, the highest Attenuation Index for any disconjugate step was only 30.2%, compared with 73.2% in Experiment 1. A paired comparison of each subject's Attenuation Indices for each step in the two experiments indicated that, on average, the OFR suppression in Experiment 2 was only 13% of that in Experiment 1 for conjugate steps and only 24% of that in Experiment 1 for disconjugate steps (n = 42).
Applying the disconjugate steps during the saccade had only very minor effects on the vergence state during the period when the OFR ramp was applied. For example, when the largest disparity steps (12.8°) were applied, the mean absolute vergence level during the first 67 ms of the OFR ramp (i.e. during the initial period prior to the onset of OFR) differed from that when no disparity was applied on average by only 0.027°(range, 0.003-0.051°). Thus, in these cases, vergence responses altered the applied disparity on average by : 0.2%. This is perhaps not surprising because 12.8°i s well beyond the effective range of the short-latency disparity-vergence mechanism (Masson, Busettini, & Miles, 1997) . Nonetheless, effects on the vergence level never averaged more than 0.09°for any disparity step, and never amounted to more than 13% of the imposed disparity, even for the smallest steps (0.4°).
Discussion of Experiment 2
Applying the steps during the centering saccade effectively eliminated the suppressive effect of the conjugate steps on OFR and substantially reduced the attenuation associated with disconjugate steps. With the largest disparity steps, for example, OFR was reduced on average by about 18%, which was only about a quarter of the effect seen in Experiment 1. In these cases, vergence responses during the critical period when the OFR ramp was applied amounted, on average, to only : 0.2% of the imposed disparity, indicating that the difference between the effects of disparity in Experiments 1 and 2 were not secondary to the vergence responses. (Vergence responses might have had a significant, though still small, impact with the smaller disparity steps, when they could reach 13% of the imposed disparity, perhaps widening the trough in the tuning curves in Fig. 4 slightly.) We conclude that much of the effect of disparity on OFR in Experiment 1 and in our previous report (Busettini et al., 1996) was due to the transient disturbance associated with the application of the disparity, and effects attributable to disparity per se were rather modest.
Experiment 3: effects of disparity when the display has conflicting motion
In the first two experiments, the stimuli were always applied uniformly to the entire display. For the OFR stimulus, this meant that the resulting visual experience approximated that of the rotating observer who compensates only partially for the rotation (the 3-D structure of the scene being irrelevant). For the disparity stimulus, it meant that the visual experience approximated that of the observer who has a vergence error. Thus, these experiments provided a poor test of the hypothesis that the observer who undergoes linear translation in a world with 3-D structure utilizes visual stabilization mechanisms that are sensitive to binocular disparity to resolve the conflicting motions in the different parts of the scene. For the present experiments, therefore, we modified the visual display so that it contained elements that suddenly underwent conflicting motion, one set of test elements moving to the left or right and another set of conditioning elements moving in the opposite direction, and examined the effect on the associated OFR of shifting the conditioning elements out of the plane of fixation. Our hypothesis predicts that OFR would favor the moving elements that lacked disparity, so that as the conditioning elements are positioned increasingly outside the plane of fixation OFR would be dominated increasingly by the motion of the test elements. In view of the suppression associated with transient shifts of the display, the disparity was applied during the centering saccade (as in Section 3) and, to check that the disparity was indeed the active ingredient, we included controls in which the disconjugate shift was replaced by a conjugate one.
Methods
The eye movement recordings were conducted as in Section 2 and Section 3.
Subjects
Five subjects participated. Four of these subjects (FM, DY, GM, MB) had stereoacuities better than 40 seconds of arc (Titmus test) and no known oculomotor or visual problems other than refractive errors that were corrected with spectacles when necessary. The fifth subject (JM) was unable to perceive any stereo in the Titmus 'fly' test, saw either 2 red or 3 green lights with the Worth 4-dot test, indicating that she was unable to Fig. 5 . Cartoons showing the spatial (left) and temporal (right) arrangements used to examine the effect of disparity on OFR when the display has conflicting motion. The random dot pattern was subdivided into two interleaved sets of horizontal bands that always underwent motion in opposite directions and we recorded the associated horizontal OFR. One set of test bands remained always in the plane of fixation (and moved leftwards in the example shown). The other set of conditioning bands was viewed dichoptically and was positioned in a particular depth plane by shifting the images seen by the two eyes in opposite directions during a 10°centering saccade (and moved rightwards in this example).
use her eyes together, and had about 5°of esotropia in our near-viewing situation. Nonetheless, this subject did have limited binocular function, evident from the fact that she showed some disparity vergence responses at short latency, albeit of much lower amplitude than normal . The subjects MB and JM were unaware of the purpose of the experiment.
Visual display
The 'random' dot pattern was organized into nonoverlapping horizontal bands each 3.5°high and extending the full width of the screen. One set of test bands interleaved with a set of conditioning bands: see Fig. 5 . The optical arrangements were such that the subject saw the test bands always in the plane of the screen whereas the conditioning bands could be seen at any one of a range of depths with respect to the screen. This required that the conditioning bands be presented dichoptically. This was achieved with two projectors that had identical photographic slides and orthogonal polarizing filters in the two light paths together with matching polarizing filters in front of the subject's eyes, so that each eye saw the image produced by only one of the two projectors. Mirror galvanometers (General Scanning, Inc., M3-S with vector tuning) in each of the two light paths permitted independent computer control of the horizontal positions of the projected images. The test bands were produced by a third slide projector that lacked polarizing filters (but had a neutral density filter to ensure that its luminance matched that of the conditioning pattern), hence its binocular image was always in the plane of the screen. Again, a mirror galvanometer (General Scanning, Inc., M3-S with vector tuning) in the light path permitted computer control of the horizontal position of the projected image. Luminances were as for Experiment 1. The bands were always vertically positioned so that a test band was at the center of the screen.
Procedure
At the beginning of each trial, all bands were stationary and the conditioning bands were imaged in the plane of the screen (zero disparity) along with the test bands. Thus, initially, the subject saw a pseudo-random dot pattern, consisting of white dots (diameters, 1.5°) on a black background (approximately 50% coverage). During a 10°leftward centering saccade (guided, as previously, by spots projected onto the display) the two images making up the conditioning bands underwent a step displacement, the direction of which varied independently at the two eyes with an equal probability of being leftward or rightward. The absolute amplitude of the step at the two eyes was always the same and was randomly selected from the same list that was used for the steps in Experiment 1. Thus the steps could be conjugate (same direction at the two eyes) or disconjugate (opposite direction at the two eyes). Fifty milliseconds after the end of the centering saccade, the test and conditioning bands underwent equal but opposite horizontal motion (40°/s), with a 50% probability that a given set of bands would move leftward or rightward on a given trial. As in Experiments 1 and 2, the motion was visible for only 200 ms and was terminated by blanking the images for 500 ms, marking the end of the trial. There were control trials in which the conditioning bands alone were visible (always imaged in the plane of the screen) and could either move as usual (at 40°/s) or remain stationary throughout the trial. There were similar control trials in which only the test bands were visible. Finally, there were controls in which all bands were visible, imaged in the plane of the screen and stationary throughout the trial. The subject's task was exactly as in the previous experiments: make a leftward centering saccade (by fixating successively projected spots) and then refrain from making any further saccades until the end of the trial.
Data analysis
The data analysis was the same as for Experiments 1 and 2 except for the Attenuation Index, which in the present experiments was used to assess the effect on OFR of altering the disparity of the conditioning bands and was computed from the change in version position measures using the following expression:
where R S and R 0 are the measured version responses when the step applied to the conditioning bands had a magnitude of s and zero, respectively, and R off is the measured version response when only the test bands were visible. The denominator is an estimate of the impact on OFR of the conditioning bands when in the plane of fixation, and the numerator is an estimate of how much that impact is reduced when the conditioning bands are subject to displacement (conjugate or disconjugate). An Attenuation Index of 100% would indicate that the step totally eliminated the contribution of the conditioning bands to the OFR, and an Index of 0% would indicate that the step was without effect.
Results
Even though applied during the centering saccade, disparity had a marked effect on OFR when there was conflicting motion in the display. This is evident from the sample mean response profiles illustrated for one subject (MB) in Fig. 6 , which shows the data for the cases in which the test bands moved to the left and the conditioning bands moved to the right. The continuous line labelled 'Test only' shows the leftward eye velocity response (downward deflection) when only the test bands were visible and, as always, moved in the plane of the screen, which was the plane of fixation. The continuous line labelled 'Conditioning only' shows the rightward eye velocity response (upward deflection) when only the conditioning bands were visible and moved in the plane of the screen. Thus, the traces in continuous line show the OFR when each set of bands was seen in isolation in the plane of fixation. The dashed lines show the responses when both sets of bands were visible and the numbers at the ends of the traces indicate the disparity of the conditioning bands. When the binocular image of the conditioning bands was in the same depth plane as the test bands (trace labelled '0°'), the initial OFR was quite weak, indicating that the conflicting motion stimuli had almost equal efficacy. However, as the binocular image of the conditioning bands was shifted progressively inside the plane of the screen (crossed disparities), OFR became increasingly leftward, indicating that the disparity had reduced the efficacy of the conditioning bands so that OFR was increasingly dominated by the motion in the test bands. This dependence on the disparity of the conditioning bands is evident from the disparity tuning curve for these data, based on the change in version position measures (see Methods section), plotted in Fig. 7 . The data points based on the responses in Fig. 6 are plotted to the right of zero in Fig. 7 (crossed disparity is positive) but the plot also includes the effect of uncrossed (negative) disparities. It is now apparent that there is a slight asymmetry in the disparity tuning curve, uncrossed steps, the initial rise is steep and the curves generally reach a peak before declining, whereas with crossed steps the rise is more gradual and the curves often fail to reach a peak within the range studied.
It is also apparent from Fig. 8 that conjugate steps applied during the centering saccade did not attenuate the effect of the conditioning bands and might actually have enhanced it in some cases. The average Attenuation Index for the largest conjugate steps (6.4°) ranged from − 26.1 to 4.2% (mean9 SD: − 7.69 10.1%) and only 1 (out of 8) was significantly different (PB 0.05) from the no-step control. Moreover, considering all conjugate steps, the modulation was significant for only 5/56 cases (unpaired t-test PB 0.05) and all had negative Indices, indicating that these steps had a (weak) Fig. 8 . Horizontal version responses to the conflicting motion of the test and conditioning bands: dependence on conjugate and disconjugate steps applied to the conditioning bands during a prior centering saccade (data for 5 subjects). The Attenuation Index (in %, computed from the mean changes in horizontal version position using expression 2) is plotted against the retinal shift (in degrees). Each experiment has 2 data sets for each subject (rightward and leftward motion of the test bands). Disconjugate data shown in closed symbols and continuous lines. Conjugate data shown in open symbols and discontinuous lines. Error bars, mean standard error. Circles, subject FM (data points are means of 187 -191 trials); squares, DY (n = 173-183); diamonds, GM (n = 154 -160); upright triangles, MB (n = 131-141); inverted triangles, JM (n =180 -185). The asterisks flag the data plotted in Fig. 7 . the decline being more precipitous with uncrossed steps and reaching an asymptote with a disparity of only 1.6°w hereas the asymptote with crossed steps is achieved more gradually and not until the disparity exceeds 3.2°. Fig. 8 shows the Attenuation Indices for the five subjects examined, and includes the data obtained with conjugate steps (dashed line-data available only for DY and FM) as well as disconjugate steps (continuous line). Disconjugate steps applied to the conditioning bands attenuated the effect of those bands substantially in all four subjects with good stereovision (FM, DY, GM, MB): for these subjects, OFR responses for all disparity steps ] 0.8°were significantly different from those with no step (unpaired t-test P B 0.05). The magnitude of these effects for any given disparity step showed considerable variation within, as well as, across subjects: the Attenuation Index for the largest disparity steps (12.8°) ranged from 43.1 to 144.5% (mean9 SD: 80.19 30.2%; n=16). The asymmetry apparent in Fig. 7 is now seen to be a general feature of all subjects in Fig. 8 : with tendency to enhance rather than attenuate the influence of the conditioning bands.
Once more, applying the disconjugate steps during the saccade had only very minor effects on the vergence state during the period when the OFR ramp was applied. For example, for the 4 normal subjects, when the largest disparity steps (12.8°) were applied, the mean absolute vergence level during the first 67 ms of the OFR ramp (i.e. during the initial period prior to the onset of OFR) differed from that when no disparity was applied on average by only 0.010°(range, − 0.035 to 0.010°). Thus, in these cases, vergence responses altered the applied disparity, on average, by : 0.08%. In fact, effects on the vergence level never averaged more than 0.047°for any step, and never amounted to more than 6% of the imposed disparity, even for the smallest steps (0.4°).
The OFR of the fifth, stereo-deficient, subject (JM, inverted triangles in Fig. 8) were insensitive to the disparity of the conditioning bands: the Attenuation Indices for the largest disparity steps (12.8°) averaged only 0.01% (range, − 3.15 to 1.90%), and none of the OFR measures with disparity steps were significantly different from those with no step (unpaired t-test P \ 0.05). Note that the OFR of this subject to test-only and conditioning-only stimuli were quite robust. In fact, they were a little more vigorous than those of the normal subject illustrated in Fig. 6. 
Discussion of Experiment 3
It is now clear that, when the visual scene contains regions that have conflicting motion, altering the binocular disparity of those regions can have a substantial impact on their ability to influence OFR. Under these conditions, OFR is much more sensitive to images moving in the plane of fixation than to images moving in other depth planes. That disparity was the critical factor here is supported by our negative findings with a stereo-deficient subject and with conjugate steps. Occasionally, the Attenuation Index exceeded 100% (Fig. 8) , indicating that the responses to the test bands were actually greater when the competing motion in the conditioning bands was visible but disparate than when they were not visible (control). This resembles the antiphase enhancement occasionally observed when there is competing motion of coplanar images: Miles et al. (1986) reported that, when the scene was partitioned into center and surround regions with opposite motion, the OFR in the direction of the center motion was sometimes greater than when the images in the center and surround moved in the same direction. These authors suggested that this might indicate that the underlying motion detectors have an antagonistic center-surround organization such as that described for some neurons in monkey MT and the lateral-ventral region of MST (MSTl) (Allman, Miezin, & McGuinness, 1985a,b; Eifuku & Wurtz, 1998; Tanaka, Hikosaka, Saito, Yukie, Fukada, & Iwai, 1986; Bradley & Andersen, 1998) .
Experiment 4: sensitivity to the post-saccadic delay
In the previous experiment the disparity was applied during the centering saccade and the OFR stimulus was initiated 50 ms after the end of the centering saccade. It might be argued that this allowed sufficient time for even the earliest OFR responses to have been influenced by a shift of attention towards the images in the plane of fixation and/or away from the images in other depth planes: The exogenous shifts of attention associated with a flashed cue, for example, show substantial development during the period 0-50 ms after the onset of the cue, though generally not peaking until some time later (Nakayama & Mackeben, 1989; Mackeben & Nakayama, 1993; Hikosaka, Miyauchi, & Shimojo, 1993) . Thus, if the effect of disparity on OFR is secondary to a shift of attention then we would expect to find that the effects of disparity develop gradually after the saccade. On the other hand, if the dependence of OFR on disparity results from disparity selectivity of the underlying motion detectors, as hypothesized by Howard and co-workers, then it should be fully developed immediately after the centering saccade when the subject first glimpses the disparate display. We addressed this issue in the present experiment by initiating the OFR stimulus at earlier times after the end of the centering saccade to allow less time for any shifts of attention to occur. We report that the effects of disparity on the earliest OFR were often fully developed when the OFR stimulus was initiated only 10 ms after the end of the saccade (the shortest interval tried) and argue that this is too soon to be explained by exogenous shifts of attention.
Methods
The apparatus was the same as that used for Experiment 3.
Subjects
Three subjects participated (FM, DY, AI). All had stereoacuities better than 40 seconds of arc (Titmus test) and no known oculomotor or visual problems other than refractive errors that were corrected with spectacles when necessary. The subject AI was unaware of the purpose of the experiment.
Procedure
Everything was as for Experiment 3 except that: (1) there were no conjugate steps; (2) disparity steps were Fig. 9 . Horizontal version responses to the conflicting motion of the test and conditioning bands: dependence on the post-saccadic delay of the OFR ramps (data for 3 subjects). The Attenuation Index (in %, computed from the mean changes in horizontal version position using expression 2) is plotted against the post-saccadic delay (in ms). Disconjugate steps (12.8°, crossed or uncrossed) were applied to the conditioning bands during the prior centering saccade. Data when the OFR ramps were rightward are shown in continuous line (thick, crossed disparity; thin, uncrossed disparity), and data when the OFR ramps were leftward are shown in discontinuous line (dashes, crossed disparity; dots, uncrossed disparity). Overall mean data are shown in shaded thick line. Error bar, mean standard error. Circles, subject FM (data points are means of 116 -120 trials); squares, DY (n = 105 -120); stars, AI (n = 47 -66).
Discussion of experiment 4
Data in the literature indicate that exogenous shifts of attention following a visual cue invariably show substantial development over the first 50 ms and generally reach a peak after 80-100 ms, though it can be earlier or later than this, depending on the exact conditions (Nakayama & Mackeben, 1989; Mackeben & Nakayama, 1993; Hikosaka et al., 1993) . That the effect of disparity on OFR showed almost no development as the post-saccadic delay increased from 10 to 50 ms argues strongly against the effect being secondary to a shift of attention. Of course, saccades do not end abruptly so that we do not know the exact time at which the stimuli became effective, and it is quite possible that this occurred before the end of the saccade. Saccade durations were within the range 35-50 ms and the steps were delivered 10-15 ms after saccade onset. This means that when the post-saccadic delay was only 10 ms, for example, the very earliest steps preceded the onset of the ramp by as much as 50 ms, though most were appreciably less than this. However, we know that intra-saccadic conjugate shifts are without effect, even though some are delivered as late as 15 ms after the beginning of a saccade that can have a duration as short as 35 ms. This suggests that in our experiments intra-saccadic shifts are not sensed until B 20 ms before the end of the saccade. This is perhaps not surprising: peak saccadic eye velocity ranged from : 200 to : 400°/s in our subjects and 20 ms before the end of the saccade eye velocity was still 100-340°/s. We conclude that the disparity becomes effective B 30 ms before our earliest OFR stimulus was initiated. Taken together with our finding that there was little if any development in the Attenuation Index when the postsaccadic delay ranged from 10 to 50 ms, we conclude that the effect of disparity was fully developed too soon to be secondary to a (gradual) shift of attention. Our data are therefore consistent with a direct effect of disparity such as one would expect if the motion detectors mediating OFR were themselves disparity selective.
Experiment 5: effects when the images in the plane of fixation are stationary
In the previous two experiments we were interested in recreating the real-world situation in which the moving observer directs his/her gaze off to one side of his/her direction of heading and experiences motion parallax. We chose the case in which the images inside and outside the plane of fixation were moving across the retina with conflicting motion and found that the OFR system showed a preference for the images in the plane of fixation. We now attempted a slight variant on this, having in mind the situation in which the moving limited to 12.8°(crossed and uncrossed); (3) post-saccadic delay could be 10, 20, 30, 40, or 50 ms and varied randomly from trial to trial.
Data analysis
The data analysis was the same as for Experiment 3.
Results
Fig . 9 shows the dependence of the Attenuation Index on post-saccadic delay for all 3 subjects for each of the four conditions examined (2 directions of test ramp and 2 disparities). It is immediately clear that changes in the Index over the period 10-50 ms following the saccade were generally minor. The slightly increased spread of the Indices at the 10 ms delay is partly the result of left-right asymmetries at that time -Indices for leftward OFR being greater for AI and DY -perhaps linked to the fact that the centering saccades were always leftward. The overall mean curve, shown in thick shaded line in Fig. 9 , shows a very slight positive slope, the regression line having a slope of 0.12%/ms and an offset of 75.6%, which is only slightly less than the overall mean of 79.1%. Moreover, no significant differences (P\0.05) were found between overall means at the various post-saccadic delays.
observer attempts to fixate a stationary object off to one side, necessitating that he/she effectively ignores the motion of images that are nearer or farther away. In attempting to simulate this kind of situation we again used the display shown in Fig. 5 , with test bands imaged always in the plane of fixation and conditioning bands positioned at various depth planes, but this time the test bands were always stationary throughout the trial. Our purpose here was to see how altering the disparity of the moving conditioning bands affected their ability to disrupt the subject's 'fixation' of the stationary test bands.
Methods
Subjects
Three subjects (FM, DY, JZ) participated in experiments that included the full range of conditions and one subject (GM) participated in experiments that included only a subset. All had stereoacuities better than 40 seconds of arc (Titmus test) and no known oculomotor or visual problems other than refractive errors that were corrected with spectacles when necessary. The subject JZ was unaware of the purpose of the experiment.
Procedure
Everything was as for Experiment 3 except that the test bands were always stationary throughout the trial.
Data analysis
The data analysis was the same as for Experiment 3 except for the Attenuation Index which was computed from the change in version position measures using the following expression:
where R 0 and R s are the measured version responses when the step applied to the conditioning bands had a magnitude of zero and s, respectively. The denominator is an estimate of the impact of the conditioning bands when in the plane of fixation and the numerator is an estimate of the change in their impact when subject to displacement (conjugate or disconjugate) during the antecedent saccade. An Attenuation Index of 100% would indicate that the step totally eliminated the ability of the conditioning bands to generate OFR, and an Index of 0% would indicate that the step was without effect.
Results
The sample mean response profiles for two subjects (FM, DY) shown in Fig. 10 indicate that, when the test bands were stationary, OFR showed strong dependence on the disparity of the conditioning bands. In this paradigm, any OFR was always in the direction of motion in the conditioning bands, and was generally maximal when the binocular image of the conditioning bands was in the plane of fixation, decreasing in amplitude as the image was shifted progressively out of the plane of fixation. However, the very earliest OFR were generally not affected, the sensitivity to disparity emerging only 90-100 ms after stimulus onset. This delayed effect was most evident when OFR showed substantial . Horizontal version responses to motion of the conditioning bands while the test bands were stationary: dependence on conjugate and disconjugate shifts applied to the conditioning bands during a prior centering saccade (data for 4 subjects with the disconjugate shifts and 3 subjects with the conjugate shifts). The Attenuation Index (in %, computed from the mean changes in horizontal version position using expression 3) is plotted against the retinal shift (in degrees). Each experiment has 2 data sets for each subject (rightward and leftward motion of the conditioning bands). Disconjugate data shown in closed symbols and continuous lines. Conjugate data shown in open symbols and discontinuous lines. Error bars, mean standard error. Circles, subject FM (data points are means of 218 -220 trials); squares, DY (n =212 -221); diamonds, GM (n = 162-175); crosses, JZ (n = 90 -101).
12.8°disparity) averaged 51.5% with disconjugate steps (SD, 7.4%; range, 39.8% to 65.3%), but only − 1.7% with conjugate steps (SD, 4.5%; range, − 6.9 to 6.5%). All responses for disparities ] 0.8°(and 14/16 for disparities ] 0.4°) were significantly different from that when there was no step (unpaired t-test PB 0.05).
Discussion of Experiment 5
Once more, moving images were much more effective in generating tracking eye movements when they were in the plane of fixation: using our response measures, disparities exceeding a few degrees reduced the impact of the conditioning bands on average by about a half. However, one difference between the effects in this experiment (in which the test images were always stationary in the plane of fixation) and all of our other experiments (in which the test images were always moving in the plane of fixation) was that the very earliest OFR were generally not affected by disparity. This implies that the mechanisms operating in this last experiment might not be exactly the same as those operating in the previous ones.
General discussion
In a previous study we demonstrated that the initial OFR elicited by motion of a large pattern were severely attenuated if the pattern was shifted out of the plane of fixation by altering its binocular disparity (Busettini et al., 1996) . This was advanced as evidence that visual stabilization mechanisms utilize disparity to distinguish images moving in the plane of fixation from those moving in other depth planes, an everyday task confronting the observer who moves through a structured 3-D world. The stimulus profile in that study consisted of a step-ramp, the step being disconjugate (to introduce the disparity) and the ramp being conjugate (to elicit OFR). We now report (Experiment 1) that replacing the disconjugate step with a conjugate one yielded similar and only slightly weaker effects, indicating that much of the previously reported attenuation attributed to disparity might in fact have been due to the associated transient visual disturbance. If the steps were applied during a centering saccade and the ramp was initiated 50 ms after the eyes arrived at their new positions (Experiment 2) then the conjugate steps were now without effect on the initial OFR and the disconjugate steps had only a weak suppressive effect. Arguing that the use of a large homogeneous pattern was unnatural, we sought in Experiment 3 to simulate more faithfully the motion parallax experienced by the moving observer by dividing the (random-dot) pattern into horizontal bands that could be moved horizontally to development within 90 ms of stimulus onset, as was the case for subject DY (Fig. 10B) . Fig. 11 shows the Attenuation Indices for the subjects examined with this paradigm, and includes the data obtained with conjugate steps (3 subjects, dashed line) as well as disconjugate steps (4 subjects, continuous line). It is clear from the figure that conjugate steps had relatively minor effects and only 1/84 responses were significantly different from that when there was no step (unpaired t-test P B 0.05). On the other hand, disconjugate steps applied to the conditioning bands could attenuate the effect of those bands substantially in all (4) subjects tested. For example, the Attenuation Index for the largest steps (6.4°step at each retina, induce OFR. The bands were organized into two groups, a test group that was imaged always in the plane of fixation, and a conditioning group that was imaged in the same or a different depth plane by adjusting its horizontal disparity during a centering saccade. Fifty milliseconds after the end of the saccade, the two groups of bands began to move in opposite directions, inducing OFR that increasingly favored the motion in the test bands as the conditioning bands were increasingly positioned outside the plane of fixation. For example, on average, disparities of 12.8°eliminated 80% of the effect of the conditioning bands. If the displacements of the conditioning bands were conjugate they were without effect on OFR. Varying the time when the bands began to move (Experiment 4) indicated that the effect of disparity was already fully developed when the OFR stimulus was initiated only 10 ms after the end of the saccade, too soon to be the result of a visually-induced (exogenous) shift of attention. We conclude from these experiments that initial OFR can use binocular disparity to respond selectively to images moving in the plane of fixation and to ignore images moving with competing motion in other depth planes. This means that the system tends to track whatever happens to be in the plane of fixation-the object(s) of regard-in a reflexlike fashion with ultra-short latencies without the necessity for any further, time consuming, target selection process. Of course, if tracking is successful, then the retinal image(s) of the object(s) of regard will hardly move, hence it was reassuring to find in Experiment 5 that disparity also severely attenuated the OFR generated by the moving conditioning bands when the test bands were stationary. Howard and Gonzalez (1987) and Howard and Simpson (1989) reported that closed-loop OKN was attenuated by disparity and used large-field displays sometimes partitioned into sections with conflicting motion and different depth planes somewhat similar to the ones that we have used. However, unlike the present study, Howard and co-workers did not find a marked dependence on the spatial layout of the display, reporting, for example, that misconvergence could cause 'a complete disruption of OKN' when large-field patterns were used. (Blur due to any misaccommodation resulting from vergence-accommodation (Fincham & Walton, 1957) seems to have been irrelevant here because the patterns were regularly spaced vertical stripes and OKN resumed when the misconvergence matched the wavelength of the pattern -eliminating the disparity of the stripes-regardless of any continued misaccommodation.) One difference between our two approaches is that Howard and colleagues generally used a fixation 'target'-actually a horizontal nylon thread in the above-cited casebut this does not seem to have been critical here because one subject 'produced the same results' without the thread. Another important difference is that we recorded the initial open-loop tracking responses (OFR) whereas Howard and colleagues recorded the closed-loop tracking responses (OKN). There is ample evidence that these two components of visual tracking have different functions, etiology and neural mediation (Miles, 1998) , hence a difference in a basic characteristic like their sensitivity to the disparity of large patterns might not to be too surprising. Howard and colleagues have argued that shifts of attention cannot have accounted for their data but the fact is that their closed-loop methodology does allow time for such shifts whereas we feel this is not the case with our open-loop approach. Interestingly, Mestre and Masson (1997) found that when subjects faced a motion parallax flow field and, before motion onset, were instructed to attend to one of the moving surfaces, it took more than 200 ms to see any difference in the OKN responses; up to that point, ocular responses seemed to be driven by the vector average of the motion flow field. Whatever the reason for the difference between the two studies, we think it is very significant that only when we applied the disparity selectively to limited regions of the field (as though simulating the motion parallax experienced by the observer who moves through a cluttered visual world with 3-D structure) were we able to demonstrate a robust sensitivity of OFR to disparity.
That the effects on initial OFR were much greater when the disparity was applied to regional elements, rather than to the whole display, implies that image segmentation mechanisms are operating. Motion signals are known to facilitate scene segmentation (Nakayama, 1985; Braddick, 1993; Stoner & Albright, 1993 ) and the antagonistic center-surround organization of some receptive fields in MT and MSTl-in which the preferred motion stimulus has opposite directions in the center and surround-has been invoked as the neural basis for this (Allman et al., 1985a; Allman et al., 1985b; Eifuku & Wurtz, 1998; Tanaka et al., 1986; Bradley & Andersen, 1998) . In our experiments, the motion segmentation was reinforced with disparity-as often occurs in the real world-and it is interesting that the responses of some MT and MSTl neurons to motion are increased when the disparity in the periphery of the receptive fields is different from the disparity in the center (Bradley & Andersen, 1998; Eifuku & Wurtz, 1998) . If OFR were to depend on such neurons it might explain why the effects of disparity were so much greater when used to complement motion conflict across the pattern than when applied uniformly to the whole field. The observations on MSTl are of particular interest because there is considerable evi-dence from single unit recordings (Kawano, Shidara, Watanabe, & Yamane, 1994) and chemical lesions (Shidara, Kawano, & Yamane, 1991) that the initial OFR are mediated at least in part by MST. Unfortunately, it is not yet clear exactly which subregion(s) of MST are critical for initial OFR. The present data would seem to favor MSTl because some of its neurons have the requisite receptive field organization and sensitivity to disparity to fulfil the image segmentation requirements of OFR (Eifuku & Wurtz, 1998 . In contrast, neurons in MSTd seem to have receptive fields that are best suited to analyze global optic flow (see Duffy (2000) for recent review) and disparity has an effect on them-modifying their preferred direction of motion-that would seem to be incompatible with a tracking function (Roy et al., 1992) .
That the effects of disparity were greater when applied to regional elements rather than to the whole display, also might imply that the system is sensitive to relative -rather than absolute-disparity (Westheimer, 1979; Erkelens & Collewijn, 1985a,b; Regan, Erkelens, & Collewijn, 1986) . However, to show that this is indeed the case would require evidence that the effects of disparity show some degree of invariance with misconvergence-see Cumming and DeAngelis (2001) for critical discussion-and further experiments will be needed to address this issue.
